Introduction
A resonant tunneling diode (RTD) is an ultrahigh frequency device showing a negative differential resistance (NDR). An oscillator using this NDR is one of the promising applications of the RTDs [1] . High frequency oscillation at 712 GHz and THz-signal generation based on harmonics have been already reported on RTD oscillators [2, 3] . However there remains a difficult problem. It is a bias instability due to the NDR itself, which exists from dc to THz frequency range. This often causes a low frequency spurious oscillation [4] . Recently, we proposed a novel resonant tunneling oscillator consisting of series connected RTDs, which has a potential to overcome this problem [5] . A basic operation has been already demonstrated with InGaAs-based RTDs [6] . However, small bias instability was still observed in it. In this paper we report improved design and fabrication process of the RTD-pair oscillator circuits. The phase noise properties are also discussed. Figure 1 shows the basic circuit configuration of the RTD pair oscillator. This oscillator consists of two RTDs connected serially, and the resonator connected to the node between two RTDs. The series connected RTDs are biased by the voltages having a same absolute value with opposite sign. A most significant advantage of this is that it separates the oscillation node from the bias nodes. This permits us to connect large capacitors (C b ) to the bias nodes, which make these nodes stable, while they have no effects on the high-frequency oscillation.
Bias Stability of the RTD-Pair Oscillator
We investigated the conditions required for stable operation based on the simulation with practical circuit parameters. It depends on the NDR, and the series inductance in the bias lines. Large stabilization capacitance of 30 pF or more together with a small stabilization resistance in the bias lines are found to be essential for stable operation. We designed and fabricated the circuits based on this result. Here we employed a novel integration technology based on assembly of small device blocks, which enables us to integrate RTD devices on ceramic substrates [7] . This is promising for future low-cost integration of small RTD devices with relatively large passive components. Moreover, this has another advantage that the chip capacitors can be mounted close to the RTDs, which further improves the bias stability.
Fabrication Process
We fabricated the circuits on an AlN ceramic substrate employing a transfer technique of the small device blocks. The RTD devices were first fabricated using conventional wet etching and liftoff process. Then, using mechanical polishing and selective wet etching from the backside of the substrate, small RTD blocks were separated from the substrate. The size of the blocks was 54 × 84 µm 2 with a thickness of 2 µm. Next, the device blocks were placed manually in the recesses on an AlN ceramic substrate covered by SiN/polyimide/SiO layers. This method was used for simplicity since the required device block was only one for a circuit. If more device blocks are required for the circuit, we can use fluidic self-assembly (FSA) [8] . Finally, -308-
pp. 308-309 the circuits were completed by wiring process. Figure 2 shows an example of the chip microphotograph of the fabricated circuit. Figure 3 shows an example of the oscillation spectrum of the fabricated circuit. A sharp oscillation at around 36.6 GHz was observed. The maximum peak power was estimated to be as large as -4 dBm taking the loss of the measurement system into account. Figure 4 shows the single sideband (SSB) phase noise with the offset frequency range of 1 kHz to 1 MHz. Phase noises of -65 and -98 dBc/Hz was obtained at 100 kHz and 1 MHz offset frequency, respectively.
Circuit Properties
Next, we tried to mount chip capacitors close to the RTDs to improve the bias stability. The device-block integration-process described above makes it possible. Figure 5 shows a photograph of the fabricated circuit. Large capacitors of 2.2 µF were mounted without large parasitic inductance. Figure 6 shows an example of the phase noise spectrum. Good phase noise of -100 dBc/Hz was measured at 100 kHz offset frequency.
Conclusion
The RTD-pair oscillators were designed and fabricated on an AlN ceramic substrate employing novel integration process based on assembly of small device blocks. Good phase noise characteristics were obtained due to improved bias stability. 
